Abstract-This paper presents an intelligent health monitoring system for post management of stroke. Fitbit sensor was used to take the reading of four stroke patients in Federal Teaching Hospital, Gombe State, and the vital readings recorded were heartbeat rate, sleeping rate, the number of steps taken, for a period of four weeks. The developed AppFabric, Web service and AppFeedBack synchronized the operation of the sensor, the user mobile device and the medical diagnostic platform. The readings taken by the sensor were made available to the medical experts and the monitoring team using web service. The evaluation of the system in terms of efficiency and reliability using t-Test were (82.3, 85.9) and (1.729133, 2.093024) respectively. The results show that the developed system performed better than the existing manual method for monitoring stroke patients.
I. INTRODUCTION AND BACKGROUND
E-health and telemedicine have proven to be crucial to 21 st century health care delivery, and they have been simulated and deployed for several health services such as electronic health records, electronic referral, electronic prescriptions, diabetes patients monitoring and so on [1, 2, 3, 4, 5, 6, 7] Developing countries in Africa are faced with limited medical personnel and inadequate quality health services required to address the many common healthcare problems such as obesity, high blood pressure, irregular heartbeat, stroke, and diabetes which usually demand people to periodically visit their doctors for routine medical checkups [8, 9] . This is further compounded by the dilapidating condition of the limited healthcare facilities and the rate of recurrence of chronic diseases prevalent in Africa.
According to a study, cardiovascular diseases-an antecedent to stroke-claimed more lives than cancer yearly. In fact, in 2015 alone stroke was the second leading cause of death after heart disease accounting for 11.8% of deaths globally [10] . Even though, there is no sufficient data on stoke in Africa, a Global Burden of Disease model-based estimates in [11, 12] showed that the incidence of stroke in Africa and other low-and middle-income country is evidently growing rapidly and that there is a need for an urgent and immediate action. "Stroke occurs when blood flow to an area of brain is cut off resulting in death of brain cells from oxygen deprivation and the abilities controlled by that area of the brain such as memory and muscle control are lost", this condition requires a medical emergency and treatment must be sought as quickly as possible [13] . Based on a World Health Organization projection, incidences of stroke is expected to be on the high over the next twenty years in developing countries [14] . A typical example of a densely populated developing country in Africa is Nigeria, the prevalence of HIV/AIDS, tuberculosis and malaria in Nigeria and its population is costly and burdensome. The risk of epidemiological transition will further strain the country's resources as a result of increasing stroke prevalence and similar cardiovascular disease. Overall in Africa as of 2015, the annual stroke incidence rates were about 316 per 100 000, and prevalence rates was about 981 per 100 000 [12] . Currently stroke prevalence in Nigeria is reported to be at 1-14 per 1000 while the 30-day case fatality rate is as high as 40% [15] . The estimated risk of recurrent stroke in survivors is about 20% in 5 years, and it was found that risk of first recurrent is 6 times higher than the risk of first-time stroke attack. Generally, the burden of stroke will continue to be a significant healthcare problem unless the incidence of not only first-ever, but also recurrent stroke and its disabling sequels are reduced [16] . This study's problem statement is based on the findings that many stroke patients in developing countries faced challenges in securing immediate access to health care after being discharged from hospital, the number are enormous as a result of which most of them suffered secondary attack or death [17, 18] . The most effective way to reduce the burden of recurrent of cerebrovascular disease in the society is prevention, some methods have been proposed to address this [19] . For example, a remote monitoring system called Telestroke was proposed by [16] , despite the improvement it brought in the treatment of stroke patient, it is limited in the sense that it does not address the post-discharge management of stroke survivors. Furthermore, medical monitoring systems called Holter monitors have been proposed in which data processing and analysis were performed offline, making such devices impractical for continual monitoring and early detection of medical disorders [20, 21] .
The challenges facing developing countries in the area of quality health provisioning and recurrent in case of chronic diseases could be alleviated using Wireless Body Area Network (WBAN) technology which is adopted in this paper. WBAN is one of the latest technologies in health care diagnosis and management consists of various intelligent bio sensors attached on or implanted in the body. It offers promising applications in the area of real time health monitoring to support remote patient in an unobtrusive, reliable and cost-effective manner, thereby providing personalized sustainable services to patients [22] . Therefore, this paper presents the development of an intelligent WBAN health monitoring system for discharged stroke patient in order to prevent and reduce recurrence. To achieve this, a sensor in form of wearable wrist band for monitoring heart beat rate, sleeping rate, as well as distance covered was worn by the stroke patients in this study. The vital signs readings taken were transmitted via Bluetooth of the patient mobile device to the medical personnel, and to the health care monitoring team in charge via Internet. This enabled the medical personnel and the monitoring team in charge to remotely monitor the health condition of the patient. This approach is expected to go a long way in reducing the death rate due to complication after treatment as vital information about the health status of the patient is accessible to the medical personnel in charge and the monitoring team in real time.
II. RELATED WORK
Several telestroke system have been proposed in literature and some of the important works are discussed in the section.
Due to the limited health care facilities in rural area, an emergency web based telestroke system was developed in [23, 24] for ischemic stroke called Remote Evaluation of Acute IsCHemic Stroke (REACH) for teleconsultation. The system provides access to anamnesis of stroke patients in order to improve care delivery. The telestroke was found to have a lower mean for onset-to-treatment time than existing systems which helps to facilitate safe administration of thrombolytic therapy to patients within rural communities suffering an acute ischemic stroke.
[25] also presents an emergency telestroke system for acute ischaemic stroke for rural community that connects hospitals with limited neurologist on call to stroke centre. The system was found to reduce inter-hospital transfer and the time of treatment, which justifies the capability of telemedicine to improve quality of health care to stroke patients.
The importance of remote treatment of stroke patients was also established in [26] who in their experiments reported that telestroke can facilitates high rates of intravenous thrombolysis in patients who have had a stroke in community hospitals within a relatively short time frame. Their telestroke system also reduces the number of patients transferred to stroke centre after teleconsultation. A system response time of 12 minutes was also recorded between consultation request and the telemedicine response.
[27] presented the first Italian telestroke for monitoring stages of stroke care, the web-based system used a new interaction model which connects cerebrovascular specialist to emergency unit, and the telestroke was piloted for two years. Though the system did not perform better than the existing REACH, it however confirms the potential of applying telemedicine to a cerebrovascular pathology [28] carried out a study on the cost effectiveness of a telestroke that connects stroke specialists to remote emergency department physicians and their stroke patients. Incremental cost-effectiveness ratios (ICERs) was produced by combining Quality-adjusted life-years (QALYs) with costs. It was found that, in addition to the benefits of an improved lifelong stroke care, telestroke is cost effective in the long-term, [29] measured the impact of telestroke on acute stoke care in Catalonia. One the parameters measured for this study was clinical outcome of telestroke patients in a population-based study. It was also reported that telestroke helps to increase the population rate of intravenous thrombolysis, and reduce a large number of interhospital transfers. [30] proposed prehospital ambulance-based telestroke as a way to improve stroke diagnosis and timeliness of treatment. The ambulance was equipped with a mobile telemedicine system to perform remote stroke assessments. Simulation of emergency scenarios and interviews with users were used to access the feasibility of the system. The usability scores of the users were however found to vary from their formative feedback 
III. MATERIAL AND METHODS
The approach used in this research work were design, experimentation and implementation approach. The scientific approaches employed to realize the research objectives follows the structure in Fig. 1 . The developed health monitoring system comprises three tiers -the users' layer, the sync layer and the medical diagnostic layer. An experimental framework for health monitoring system is designed to take readings from the stroke patients. Since clinical indicators are commonly used in health care to represent constraints and optimize performance; system performance was evaluated using efficiency and reliability.
A. Data Acquisition
The vital signs used for this research were heartbeat rate, sleeping rate and number of steps taken by the patients. These parameters were used to examine four stroke patients in Federal Teaching Hospital Gombe State, Nigeria. The data acquisition periods was two weeks, with recording taking place once a day. In addition, the research collected the same set of patients' data using existing manual method. B. System Architecture The architectural framework in Fig. 2 describes the entire process of the implemented system. The application framework was broadly divided into three: i) User Framework ii) Synchronization Framework iii) Medical Diagnostic Framework.
C. System Architecture

User Framework comprises:
i. Wearable Sensor (Fit bit): This was used to measure the heart beat rate, sleeping rate and steps or distance covered.
ii. Mobile Phone: This was the device used in this research to house the lightweight database management system used (SQLite). This database was built to store the readings of the basic vital signs considered in this work directly from the wearable sensor. The mobile application that interprets the readings from the sensor was also installed on the mobile phone. 
D. System Architecture
Sync Framework is a comprehensive synchronization platform that enables collaboration and offline access for applications, services, and devices. This framework consists of intermediate resources to transfer data to and from the remote patient to the medical experts. The components in this model are:
i. Database Server: This server was used to store all the remote patients' record, while the SQLite stored only the pieces of information of a specific user, the database server stored all the records of the entire patients. The database management system used in this research was Microsoft SQL Server 2012. The medical diagnostic framework used the data stored here to make clinical decisions. ii. Web Server: The user framework and medical diagnostic framework cannot communicate to the database directly for security purpose and Separation of Concern in software engineering, therefore a web service was developed to administer interoperability, because the mobile framework was built with proprietary Java programming language and the medical diagnostic framework was built using C#. The web service was stored on the web server (Internet Information Service) in order to be accessible via hypertext transfer protocol which interprets the Simple Object Access Protocol message to any of the application. iii. AppFabric: This server manages Remote Method Invocation to trigger the web services and the message feedback regularization framework. The security protocol used to protect applications under the supervision of AppFabric is called Code Access Security which is Microsoft's solution to prevent malicious code from performing privileged actions. When the Common Language Runtime loads an assembly, it will obtain evidence for the assembly and use this to identify the code group that the assembly belongs to. iv. AppFeedBack: This server was used to manage feedback to the remote stroke patient. The applications in this framework were developed to manage feedback in both synchronous and asynchronous mode. The synchronous mode would send the feedback to the remote stroke patients via SMS immediately the data from the patients' phone got to the database server in the synchronization framework. When no medical personnel are available to trigger feedback, the application will be queued on the server so as to receive attention when the personnel are available. The queue system used in this research was Round Robin with quantum time of two so as to attend to all the patients with equal chances 
E. Medical Diagnostic Framework
This framework is composed of the team of medical expert purposely charged for this responsibility; they made use of laptops, iPhones and tablets to access information from the synchronization framework. Shift management was also considered for the design in this framework. The components of the framework are: personnel to access stored record from the main stream database and processed it to make decision on either the feedback or for access. x. IPad: This is used for mobile access ubiquitously.
The diagram shown in Fig. 3 describes the sequence of the application from User platform to the Sync Framework. Fig. 4 
F. Performance Evaluation of the Developed System.
The metrics used for evaluating the performance of the system were efficiency and reliability using Statistical Package for Social Sciences and Excel as the statistical tools. The indices used to determine the metrics are: BPM1(heart beat for the developed system), BPM2 (heart beat for the existing system), mean value (efficiency), mean difference (reliability) and variance of reliability
IV. RESULTS AND DISCUSSIONS
The developed health monitoring system for post management of stroke survivors monitors the heart beat per minute, sleeping rate and number of steps taken. This is as a result of the findings that showed that these parameters are directly tied to a number of cardiovascular risk factors. The developed system has three platforms which are: i. Mobile Application ii. Web iii. Short Message Service platform
The interface shown in Fig. 5 shows the readings taken from a mobile device of the remote patient that measured the total number of steps taken by the patient. This view is made possible on the user's mobile phone so as to personally check the readings at any time, and at the same time the readings were stored on the database of the device and sent to the medical diagnostic framework on weekly basis via the Sync framework. Also, the interface shown in Fig. 6 is used to measure the sleeping rate of the patient because lack of sleep can also lead to an increase in an unhealthy protein called C-Reactive Protein (CRP), which is directly tied to a number of cardiovascular and heart disease risk factors. This build up in CRP is a sign of increased stress in the body, something that might be ignored in the day-to-day grind but is a very real factor when it comes to heart disease. Thus, measuring the rate of sleeping was imperative. Fig. 7 records the rate of heart beat of the remote patient. Heart rate, or heart pulse, is the speed of the heartbeat measured by the number of contractions of the heart per unit of time typically beats per minute (bpm). The heart rate is rhythmically generated by the sinoatrial node.
The normal resting adult human heart rate ranges from 60-100 bpm. Tachycardia is a fast heart rate, defined as above 100 bpm at rest. Bradycardia is a slow heart rate, defined as below 60 bpm at rest. During sleep a slow heartbeat with rates around 40-50 bpm is common and is considered normal. When the heart is not beating in a regular pattern, this is referred to as an arrhythmia. In measuring the heart beat both the sensor and the manual method were used and these represent BPM1 and BPM2 respectively. Fig. 8 shows the web interface for medical diagnostic framework. Fig. 9 shows a sample message sent to a remote patient from the medical expert. Fig. 10 shows the web service used at the synchronization framework. The heartbeat (BMP), blood pressure (BP), for each of the four patients' readings using sensor and manual methods are presented are shown in Table 1,  Table 2, Table 3 and Table 4 , together with sleeping rate and number of steps readings. Using pulse rate as the parameter for evaluation, the analysis of the developed and existing system in terms of efficiency and reliability is shown in Table 5 . From the t-Test results, the developed system has better values for efficiency and reliability compare to the existing system (lower value is considered because the parameter measured is pulse rate). Also, the critical value taken using t-Test gave a value of V. CONCLUSION This paper developed a prototype real time monitoring system for stroke survivor in remote environment and was made available to medical personnel via Web, Mobile and SMS platform using WBAN technology. It is an attractive system of delivering services to stroke survivor without need for both the patient and health care personnel to be in the same location at the same time. It has a major role in providing remote surveillance to patients with chronic conditions, fills a service gap among those who have limited access to expert care and provides important clinical information to the health provider in real time. The developed system has three layers which are user, synchronization and medical diagnostic layers. Each of these represents a node. Nodes are devices or data point on a larger network. This research work does not consider the load failure at nodes, thus subsequent research may need to study this.
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